ABSTRACT: Based on the triaxial creep test on Q2 loess in the Guanzhong area of China, the strain-time curve and the stress-strain curve of Q2 loess with different confining pressures and moisture contents are thus obtained. Analysis of the experimental curves shows: confining pressure and moisture content have a rather great impact on the creep characteristics of loess Q2 in the Guanzhong area. Specifically, the creep deformation amount and moisture content are positively correlated under the same confining pressure, while with the same moisture content it has a negative correlation with confining pressure. Through a further fitting analysis of experimental data on failure stress of creep and confining pressure plus water content, a positive linear correlation between failure stress of creep and confining pressure can be obtained, and there is a negative logarithm variation between failure stress of creep and moisture content. Based on the above analysis, by improving the nature and structure of parameters in the commonly-used five-element model (HKK), the seven-element nonlinear creep model able to describe the accelerated creep of Q2 loess can then be obtained, and furthermore, the fitting identification on the model by the use of the experimental data attributes eventually to the expected results.
INTRODUCTION
Practice shows that many of the physical and mechanical properties of loess have a strong link with the time (Sun, 1999; Xie et al., 2009; Zhao et al., 2012) . For instance, the strength, deformation and stability of loess are all affected by time, which show a series of time-related properties (Zhu et al., 2011; Wang et al., 2009a Wang et al., , 2009b Wang et al., , 2010a Wang et al., , 2010b Chen et al., 2009 ). The rheological property of loess, an important one of the soil material, is increasingly drawing people's attention. Currently, this property of loess has some connection with such problems as collapsibility, ground strength and compressibility, and slope instability found in the loess regions. Therefore, to carry out research on the rheological properties of loess is not only of some instructional significance to solve the above-mentioned geological problems, but also of some guiding and innovative significance in research concerning mechanics of solid materials.
In terms of the current status of research, most of the studies concerning Q2 loess are focused on the linear or non-linear rheological constitutive model based on the model theory and by the use of empirical methods (Guo et al., 2000 (Guo et al., , 2001 ; Xie et al., 2010) . In terms of the previous research results, the present study is to explore the rheological characteristics and rules of Q2 loess of Guanzhong area by carrying out triaxial creep test under different confining pressures of Q2 loess with different moisture contents in this area, and it also aims at the establishment of time-varying parameter nonlinear creep model to reflect the rheological properties of Q2 loess in the Guanzhong area by improving the structure and viscous parameter properties of the commonly-used five-element loess viscous creep model.
MATERIALS AND METHODS
Samples in this study are natural Q 2 loess taken from a toe of some loess collapse slope located in Guanzhong area, Shaanxi Province. The sample soil is characterized by its mostly brown color, vertical joint development, uniform soil compaction, naturally low water content. It is found in the process of soil sample cutting and sample taking that there are a lot of calcareous concretions within the material, and that some soil contains paleontological shells and plant roots. In terms of the routine indoor soil test measure, the main physical properties of the sample are shown in Table  1 . The dimensions of the field-selected sample after indoor machining are φ39.1 × 80mm. According to the test purposes, the water film transfer method is used for the purpose of artificial humidification for other samples. Four groups of the 20 Q 2 loess samples with different moisture contents (8%, 13%, 17%, 23%) are obtained accordingly. where ω = natural moisture; ρ = natural density; e = void ratio; ωL = liquid limit; ωP = plastic limit; c = cohesion; and φ = internal friction angle.
The test adopts the multi-step incremental loading method, with five different levels of confining pressures selected, respectively 50kPa, 100kPa, 150kPa, 200kPa and 250kPa. Before the test, the breaking strength with different water contents has been obtained through the use of the commonly-used triaxial undrained test, with firstly load series N of the creep test predetermined, and then the load increment for each level determined. During the test, the loading of each level lasts for 12 hours, and loading of the next level is not conducted until the sample deformation becomes stable.
ANALYSIS OF EXPERIMENT RESULTS

Strain time curve
The Boltzmann superposition principle was used to analyze and sort the creep test results by which creep curve clusters at all levels of axial loads under different confining pressures in each sample were acquired. Due to space limitations, the stress-strain isochronous curve with only 8% and 13% moisture contents respectively under 50kPa and 150kPa confining pressures are shown in Figure 1 . As can be seen from the figure, the characteristics of the Q 2 loess stress-strain isochronous curve of Q 2 loess in the Guanzhong area are listed as follows:
(1) Three typical stages of the creep deformation in the loess samples with different confining pressures and different moisture contents can be obviously manifested: early creep stage, constant creep stage and accelerated creep stage.
(2) At the beginning of each load stage, significantly instantaneous deformation appeared in the sample. With the increase of time, the growth rate of the deformation gradually slowed down and became stabilize. In terms of the deviatoric stress, as the load level increased, the strain of the start time of each load level also showed an increasing trend. (3) When the level of confining pressure reached to a certain degree, the creep deformation was significantly affected by the moisture content. As the water content increased, the creep strain increased accordingly. This is because the thickening of the soil water film weakens its internal cementation and reduces its internal cohesion, making the soil more prone to creeping deformation.
(4) When the water content of the creep samples reached to a certain volume, the creep varied with the confining pressure level. With low levels of confining pressure, the creep phenomenon of the loess samples was more evident, and the corresponding creep strain was also more evident as well.
(5) When the deviatoric stress level was greater than the rupture stress of the loess creep, all the samples identify an obviously rapid strain. That is, creep entered the acceleration creep stage, and the destruction in the samples occurred in a rather short time. 
Stress-strain isochronous curve
By making an even further sorting of the results of the creep test, the stress-strain isochronous curve of Q 2 loess with different moisture contents and different confining pressures was obtained. Due to space limitations, the stress-strain isochronous curve with only 8% and 13% moisture contents respectively under 50kPa and 150kPa confining pressures are shown in Figure 2 .
As can be seen from the Figure, the characteristics of the Q 2 loess stress-strain isochronous curve of Q 2 loess in the Guanzhong area are listed as follows:
(1) Among the loess samples, the strain under stress with different confining pressures and moisture contents obviously exhibits an overall linear growth trend. With the increase of the creep time, the stress-strain curve which corresponds to the longitudinal axis gradually offsets, indicating that the dependent variable becomes larger as time increases.
(2) When the deviatoric stress is at a low level, the stress-strain curve as a whole exhibits a linear shape. As the deviatoric stress increases, the stress-strain curve is beginning to show the arc shape, and there is a significant turning point after some stress point. The point corresponding to σ1 stress can be considered a soil failure stress of creep; loess samples after that point creep into the acceleration phase, which thus causes damage.
(3) The stress-strain curve shows linear characteristics before the turning point, which can be considered as creep soil samples showing a linear viscoelastic deformation within this period. When the turning point (soil failure stress of creep) is crossed, the stress-strain curve slope increases significantly, and the overall shows non-linear characteristics, which can be considered as creep soil samples exhibiting nonlinear viscoplastic characteristics. 
Relations between failure stress of creep and water contents as well as confining pressures
Through the further analysis of the experiment data, two important relation diagrams were obtained respectively, the relation diagram between failure stress of creep of Q 2 loess and the confining pressure, as well as the relation diagram between failure stress of creep and water content. The empirical approach was fitted to the experiment data, and two important relations were thus obtained, respectively the correlation between the triaxial failure stress of creep and the confining pressure with samples of different water moisture contents, and the empirical correlation between the triaxial failure stress of creep and moisture contents. Due to space limitations, this paper only presents the correlations of the moisture contents of 8% and 13% with the respective confining pressures being 50kPa and 150kPa (Figures 3 to 4) . As the Figures show, when the moisture content is certain, the confining pressure of Q 2 loess triaxial creep test in the Guanzhong area increases linearly with the failure stress of creep and the failure stress of creep increases with the increase of the confining pressure; Q 2 loess failure stress of creep and moisture content exhibit negative logarithm of variation, and its breaking strength increases as moisture content lowers. Through mathematical fitting of the relational data between failure stress of creep and confining pressure plus moisture content, the relationship between failure stress of creep under different confining pressures and confining pressure was acquired (as shown in Table 2 stress of creep under different confining pressures of and moisture content (see Figure 3) . By observing the fitting formula between failure stress of creep and confining pressure under different moisture conditions, we can find that the slope and intercept of the linear equations are a function with water content as a variable, so the equation can be written as:
where σ 1 = primary stress; σ 3 = confining pressure; and f (ω), φ (ω)= functions of the water content.
Research on the variation of f (ω) and φ (ω) with different moisture contents found that it was on the negative exponential decline (see Figure 4) . Then the exponential function is selected for fitting and the obtained empirical formula is as follow: 
With the combination of formulas (2), (3) and (1), the fitting relation between Q 2 loess failure stress of creep and moisture plus confining pressure can thus be obtained. But loess as an approximation of isotropic material, its nonlinear mechanical characteristics are also very obvious. The five-element loess model has been applied by many scholars for Q 2 loess creep test, but they all display large differences in terms of the parameters by data fitting. The differences of viscous parameters by the five-element model, in particular, are more apparent. Therefore, in order to explore the nonlinear creep characteristics of loess, the author proposes that two viscosity coefficient of the five-element model be improved. Specifically its parameters should be converted to function as stress, which will further improve the given parameters of the original model as variable ones.
Although the five-element creep model can reflect the loess elastic and viscoelastic characteristics, it cannot reflect its viscoplastic characteristics and cannot accurately describe the accelerated creep. Therefore, for the sake of a complete description of the creep characteristics of loess, we must also change the structure of the previous model in addition to improving the parameters of its nature, and besides, we can add a viscoplastic model which can describe the accelerated creep of loess.
Song (Song et al., 2005) proposed two nonlinear viscous body Newton elements used to describe the nonlinear creep and accelerated creep of geomaterials, starting from the perspective of improving the viscosity coefficient. One is SN elements used to describe the nonlinear creep geotechnical materials. As is shown in Formula (5), its mathematical form, namely improved viscosity coefficient η, is the function of stress, where, η 0 , λ are its viscosity parameters. 
Under constant stress σ0 the corresponding creep equation is:
Another SP element is used to describe accelerated creep of geotechnical materials. As is shown in formula (7), viscosity coefficient η is converted to a function of time, where η 0 , β are the viscous parameters. 
This paper draws its findings to improve the five-element loess creep model. The improved model of the structure is shown in Figure 5 . In terms of the model structure and connectivity shown in Figure 5 , we can obtain the following model of state equation:
( ) 
When σ ≤ σ s , the model is reduced to five-element model of nonlinear parameters. Its creep equation is:
When σ > σ s , the model creep equation is:
To verify the effect of the application of improved rheological model, this paper uses mathematical software to conduct fitting and parameter identification for data collected in σ 3 = 150kPa, ω = 17% loess samples in the creep test under five levels of eviatoric stress, 42kPa, 91kPa, 140kPa, 188kPa, 237kPa respectively.
According to the loess creep test results, by curve fitting we obtained the results of the model parameter identification in the one-dimensional case as shown in Table 3 . By nonlinear rheological model of variable parameters, we can draw the comparison diagram between creep theoretical value under different deviatoric stress and its experimental values. As can be seen from Figure 6 , the parameter nonlinear rheological model plays a good part in the description of the Q 2 loess rheology in the Guanzhong area, and it can also play a positive role in the description of its accelerated creep properties. 
CONCLUSIONS
This paper has conducted the creep test on the Q 2 loess in the Guanzhong area with different water contents and different confining pressures. By theoretical analysis we can arrive at the following conclusions:
(1) In terms of creep test on the Q 2 loess samples with different water contents under different confining pressures, the course of deformation can be boiled down into instantaneous deformation, initial creep, constant creep and accelerated creep. At lower stress testing, only the first three deformations take place; at higher stress, accelerated creep is likely to emerge.
(2) When the levels of confining pressure or moisture content of the samples are certain, the creep deformation of the samples varies with different factors in another test. Overall, the amount of creep deformation is positively correlated with moisture under the same test conditions; and it shows a negative correlation with confining pressure under the same experimental conditions.
(3) According to stress strain isochronous curve of Q 2 loess creep test, creep value of Q 2 loess increases as time increases; at low stress levels, its curve exhibits a linear curve shape that can reflect the linear viscoelastic characteristics; at high stress level, its arc curve can account for the nonlinear viscoplastic characteristics of Q 2 loess; an analysis of the difference between the curve shapes, at the turning posiotion of overall isochronous stress-strain curve, can roughly calculate and determine the breaking stress of Q 2 loess creep.
(4) A further analysis of the test data on Q 2 loess failure stress of creep and water content as well as confining pressure reveals that with a certain moisture content, the Q 2 loess failure stress of creep of the Guanzhong area and confining pressure show a positive linear correlation; under certain confining pressure, there is a negative logarithm of variation between failure stress of creep and moisture content in terms of Q 2 loess in the Guanzhong area.
(5) Converting commonly-used loess five-element model into variable parameter nonlinear rheological model is not only to describe the nature of Q 2 loess of accelerated creep, but also to improve the ability of the model to describe the rheological characteristics of Q 2 loess. The research work is of important guiding significance to the rheological projects involved in the Q 2 loess of the Guanzhong area. 
